Barcode medication administration (BCMA) systems can reduce medication errors, but sociotechnical issues are quite common. Although crucial to nurses' work, few usability evaluations are available for electronic medication administration record (eMARs) screens. The purpose of this research was to identify current usability problems in the Veterans Administration's (VA) eMAR/BCMA system and explore how these might affect nurses' situation awareness (SA). Three expert evaluators used 10 tasks/elements, heuristic evaluation techniques, and explored potential impacts using a SA perspective. The results yielded 99 usability problems categorized into 440 heuristic violations with the largest volume in the category of Match With the Real World. Fifteen usability issues were rated as catastrophic with the Administer/Chart medications task having the most. Situational awareness was affected at all levels, especially at Level 2, Comprehension. Usability problems point to important areas for improvement, because these issues have the potential to affect nurses' SA, "at a glance" information, nurse productivity, and patient safety.
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nursing informatics, heuristic evaluation, barcode medication administration system, usability, veterans administration, acute care, location of care, situation awareness Barcode medication administration (BCMA) systems are being implemented in the United States at a rapid pace with 27.5% of non-federal hospitals reporting installed systems as of mid-2014 (HIMSS Analytics, 2014 . In the federal sector, the Veterans Administration (VA) has BCMA in all 150 of its hospitals (VA, 2014) to assist with the five rights of medication administration. Researchers showed substantial reductions in medication errors after BCMA deployments (DeYoung, Vanderkooi, & Barletta, 2009; Poon et al., 2010) . Yet, sociotechnical issues with BCMA are quite common, for example, a twofold increase in workflow, lack of fit with workflow, and workarounds to safety features (Bargren & Lu, 2009; Carayon et al., 2007; Koppel, Wetterneck, Telles, & Karsh, 2008; Patterson, Rogers, Chapman, & Render, 2006) .
As the main users of these systems, nurses are profoundly affected by BCMA and its associated electronic medication administration record (eMAR). eMARs/BCMA are crucial in the support of nurses' work worldwide. These systems should provide cognitive support for nurses' situation awareness (SA) or overall understanding of an activity. The usability of eMARs/BCMA can affect patient safety, nurse effectiveness, nurse productivity, and nurse satisfaction, the goals of usability (International Organization of Standards [ISO], 1998) . To our knowledge, only two eMAR evaluations are available (Guo, Iribarren, Kapsandoy, Perri, & Staggers, 2011; Staggers, Kobus, & Brown, 2007) . No user interface evaluations are available for eMARs within BCMA or for the VA's eMAR even though the VA is the largest health delivery system in the United States (VA, 2014) and represents the largest volume of BCMA users. Thus, the focus of this research was to identify current usability problems in the VA's eMAR/BCMA system and explore how these might affect nurses' SA.
Good SA includes the information necessary for nurses to make appropriate decisions and actions (Endsley & Jones, 2012) . SA is a human factors theory that focuses on a user's mental model of a situation at three levels: Perception, Comprehension, and Projection (Endsley & Jones) . Level 1, Perception, indicates users' awareness of the state of the system and activities, for example, how BCMA operates and nurses' ability to perceive that a new medication was ordered. Level 2, Comprehension, specifies that users understand the meaning of the elements in the situation by integrating information, for example, nurses understand that the new medication was ordered yesterday and today the patient has nausea. At this level, patterns can emerge, allowing easier detection of issues. Last, Level 3, Projection, describes users' anticipation of future events including user's representations of the potential consequences of possible actions and future developments if no actions are taken, for example, nurses anticipate that unless a new Dopamine titration is ordered, hemodynamic failure could occur so a call to the provider is needed.
Using SA in usability evaluations allows a more comprehensive analysis of the cognitive support provided by the system, rather than a somewhat limited focus on identifying common usability problems. In addition, SA provides a method to integrate related work, such as human factors studies on BCMA work-arounds.
Poor electronic health record (EHR) usability is an urgent issue in the United States (Institute of Medicine, 2011) . Physicians are particularly vocal about these problems likely due to efforts around Meaningful Use requirements. These U.S. regulations provided financial incentives to spur EHR implementation in ambulatory areas, to require initial interoperability among select systems and to begin several EHR-integrated quality measures (Centers for Medicare & Medicaid Services, 2014) . However, the fast implementation timelines likely precluded attention to usability and workflow impacts. A national survey showed that physician perceptions on EHR usability decreased from 2010 to 2013 (American College of Physicians and AmericanEHR Partners, 2013), and in Fall 2014, the American Medical Association (AMA) called for better designed EHRs to improve usability issues (AMA, 2014) . Nurses, although less vocal, encounter significant usability problems with EHRs including lack of fit with workflow and lack of cognitive support for essential activities such as care transitions (Staggers, 2014) . In fact, a recent survey of 13,650 U.S. nurses revealed 92% were dissatisfied with their current EHR due to disruptions in productivity, communication, and workflow (Black Book, 2014) .
BCMA systems are associated with EHRs, but research on the usability of eMARs and BCMA is limited with none yet available for eMARs in a BCMA system. BCMA researchers have concentrated on overall impacts and workflow assessments. Authors found that BCMA eliminated transcription errors, decreased non-timing errors, and decreased the rate of adverse drug events (Poon et al., 2010) . Economic analyses showed BCMA decreased patient costs and nurses' time on medication tasks (Poon et al.) . However, the effect sizes for these studies have been small (Seibert, Maddox, Flynn, & Williams, 2014) .
Given the length of time BCMA has been implemented, little knowledge is available about the impact of this complex technology on nurses' work.
BCMA provided cognitive support for managing medication administration workloads, allowing sorting of medications by name and time and providing a pre-check for administration, but BCMA interfered with nurses' normal problem-solving processes (Holden, Rivera-Rodriguez, Faye, Scanlon, & Karsh, 2013) . Some components of nurses' workflow were not supported, for example, being able to integrate medication administration with the other care activities Patterson, Cook, & Render, 2002) or collaborate and share workload (Patterson et al.) . BCMA was essentially designed for a single nurse user and did not support goals of communication and shared SA common to the team-based work distribution of an inpatient ward.
Researchers indicate a consistent lack of compliance with BCMAprescribed procedures including failure to scan patients' wrist bands or even pasting patient barcodes to a cart/chart/wall, not following procedures when completing stat orders, or bypassing scanning completely (Harrington, Clyne, Fuchs, Hardison, & Johnson, 2013; Koppel et al., 2008; Patterson et al., 2006) . Koppel found 10% of administered medications bypassed BCMA. The result was a continued use of paper and the growth of multiple and unpredictable work-arounds that can increase errors (Carayon et al., 2007; Holden et al., 2013; Koppel et al.) . In defense of nurses, significant barriers can prevent nurses from following BCMA procedures. Examples include not having computers in patients' rooms or needing to prepare medications prior to entering a room for patients in contact or droplet isolation. Carayon and colleagues (2007) evaluated BCMA technology from a human factors point of view and found that design issues were a major factor in unsafe work-rounds. Therefore, the ongoing presence of work-arounds indicates that BCMA usability continues to be a problem and a risk to patient safety.
The few available BCMA usability studies consisted of two device evaluations and one study on nurses' perceptions about BCMA usability. Authors used a shift report scenario to evaluate a BCMA wireless device and found issues such as poorly designed screens on the smaller device, that nurses had to exit one system and log into another to complete documentation and that the wireless device was missing information (Rogers, Patterson, Chapman, & Render, 2005) . In the second device study, nurses interacted with a tablet and the traditional BCMA system using medication administration scenarios. Task efficiency with both was similar, although nurses expressed interest in using the tablet in the future (Landman et al., 2014) . Last, Holden and colleagues surveyed nurses in two pediatric hospitals about BCMA; nurses' perceptions about the usefulness and ease of documentation decreased post-BCMA implementation (Holden, Brown, Scanlon, Patel, & Karsh, 2011) .
The only previous eMAR evaluations were on two non-BCMA applications; both showed a high volume of usability problems including catastrophic issues with potential patient safety implications (Guo et al., 2011; Staggers et al., 2007) . As BCMA systems are becoming more prevalent, usability and user interface evaluations are needed to assure that eMARs/ BCMA provide needed cognitive support to nurses.
Purpose
The purpose of this study was to assess the VA's eMAR/BCMA system for usability problems, categorize identified problems by employing usability guidelines, and describe their potential impact on nurses from the human factors perspective of SA. The specific research question was as follows:
Research Question 1: What are the current usability problems in the VA's eMAR/BCMA system and how might these affect nurses' SA?
Method
Approval for the study was received by the central VA and local university institutional review boards. The study design was descriptive exploratory.
Setting
The setting for this research was a VA in the western United States. The facility is a medical center offering tertiary care for the region including specialty services. The inpatient areas include intensive care, and medical and surgical units.
The Department of Veterans Affairs (VA) is the largest health system in the United States with 150 hospitals serving nearly 9 million veterans (VA, 2014) and employing 80,000 nurses (Veterans Health Administration, 2014). The VA's BCMA system was first developed and installed in 1995 with subsequent fielding in all VA hospitals by the year 2000 (Wideman, Whittler, & Anderson, 2005) . BCMA integrates eMARs with bedside medication administration using scanning technology to link patient identification and medication ordering information to assure the five rights of medication delivery (Koppel et al., 2008) .
BCMA is part of the VA's larger, nationwide computerized environment that includes a backbone EHR called VistA with 200 applications including its graphical user interface overlay of CPRS (Computerized Patient Record System). CPRS offers clinical functions such as orders, consults, notes, and clinical reminders (VistA, 2013) . The computing environment also allows for niche systems for specialty areas such as Essentris, an electronic documentation system, for intensive care units (ICUs) and a separate system for dialysis (VistA, 2013) . The hospital's EHRs include VA's nationwide EHRs, VistA, and CPRS. These are rated at Stage 7 on the HIMSS electronic medical record (EMR) model (HIMSS Analytics, 2014), meaning available functions include pharmacy, imaging/radiology, electronic provider ordering, closed loop medication administration, clinical documentation, clinical decision support, and data warehousing. As is similar to other VA's, this site has several partially integrated electronic systems including Essentris only in the ICUs. BCMA with its associated eMAR was implemented at this site in the early 2000s and is available on all inpatient units but not in the emergency department (ED), operating and recovery rooms (OR/PACU), dialysis, catheterization lab, gastrointestinal (GI) lab or imaging areas.
Heuristic Evaluation (HE)
HE, one of the most commonly employed usability assessment methods, is a formal evaluation technique developed over 20 years ago (Nielsen, 1994) . Usability experts interact with the application using typical user tasks to evaluate and find usability problems, give them a severity score and assign them to pre-defined heuristic categories. Nielsen defined 10 original heuristic categories, but Zhang and colleagues later combined Nielsen's work with Shneiderman's eight "golden rules" (Shneiderman & Plaisant, 2010) to create 14 heuristic categories (Zhang, Johnson, Patel, Paige, & Kubose, 2003) . These are consistency, visibility, match, minimalist, memory, feedback, flexibility, message, error, closure, undo, language, control, and document. Detailed, tailored definitions are available elsewhere (Guo et al., 2011) . Nielsen defined severity ratings using this scale: 0 (no problem), 1 (cosmetic), 2 (minor), 3 (major), and 4 (usability catastrophe). This evaluation used the 14 categories from Zhang et al. as well as the original severity ratings defined by Nielsen.
eMAR tasks. The current evaluation employed typical user tasks for nursing medication administration plus elements about basic screen design and technical design for a more complete perspective. Eight specific nursing tasks were identified. Seven tasks and definitions from an earlier eMAR evaluation were assessed for applicability, modified slightly and used here (Guo et al., 2011) . Tasks were (a) Log into the system, (b) Order and modify medication(s)/ comment(s), (c) Verify medication orders, (d) Prepare medication, (e) Access medication information/help, (f) Administer and chart medication(s), and (g) Generate reports and review eMAR. The researchers defined a new user task related to follow-up activities: (h) Follow-up: additional required actions, for example, finding a missing medication later delivered by pharmacy or charting pain effectiveness during a specified time period.
Screen design and technical elements. Applying known graphical user interface screen design principles and solving technical issues such as system interoperability are crucial for fundamental usability of applications. Technical issues include the integration of applications needed to complete medication administration tasks as well as the location of terminals (ergonomics).
Guides for screen design are widely available (Galitz, 2007) . The researchers assessed aspects of screen design such as organization and structure, screen meaning and purpose, use of color and its meaning, use of user-appropriate abbreviations, focus and emphasis, ease to detect critical information, and application of screen elements (Galitz) . Two additional evaluation elements were added: (i) Technical issues/ergonomics and (j) Congruence with known screen design principles.
SA Assessment
To assess SA, the authors examined the overall eMAR/BCMA system and its ability to achieve Perception, Comprehension, and Projection levels. This was achieved by evaluating how identified usability problems affected these three levels of SA. These activities included viewing all medications (Perception); understanding the full picture of medications using a patientcentered view and including correlating essential information, for example, side effects, vital signs relevant to specific medications, intake and output (Comprehension); and coordinating across nursing tasks and assuring continuity of patient care across disciplines/specialties/collaborative health care team efforts (Projection).
Evaluators
HE methods suggest using three to five expert evaluators (Nielsen, 1994) . Dual domain evaluators, those with expertise in usability and the specialty for which the application was designed, likely offer more thorough evaluations. The evaluators for this study included three dual domain evaluators: PhD-prepared nurses (N.S., S.I., J.-W.G.) who also had training in usability and had completed previous usability studies. One of the nurses (S.I.) was also a BCMA user expert with more than 10 years of clinical practice using BCMA in the VA.
Procedure
The evaluators began the process by individually completing the VA's BCMA web-based training (Version 1-9/11/2013) for clinical staff. They subsequently used the eMAR and the 10 tasks/categories in the training system jointly to develop an initial set of usability problems. After the iterative list development over a series of sessions, the researchers had two BCMA site coordinators review the usability problems, clarify issues, and refine the usability problems during interactive sessions. Then, the evaluators accessed the production system to verify problems and develop the final list. Remaining questions were verified with an ICU staff nurse for accuracy. Last, the researchers rated the severity of the usability problems using the scale defined by Nielsen (1994) and used HE categories defined by Zhang (Zhang et al., 2003) to assign each problem to an appropriate HE violation. Last, they analyzed the potential impact usability issues might have on nurses' SA.
Results

Identified Usability Problems
Ninety-nine final usability problems were identified during the HE process. The full list of the usability problems is available from the authors. Table 1 lists examples of problems by usability category, severity rating, and heuristic violations, and Figure 1 is a sample screenshot of the eMAR. A color version of the screen is available at http://content.lib.utah.edu/cdm/ref/collection/ uspace/id/10738. About 80% of the usability problems were found for three eMAR tasks and one screen design element: Administer and chart medications (n = 38, 38.4%), Congruence with known screen design principles (n = 27, 27.3%), and Prepare medications (n = 14, 14.1%); only one usability problem was found for both Verify medications orders and Generate reports and review eMAR.
A salient example of one of the identified problems is related to preparing medications. At the beginning of a shift, nurses print medication administration lists from BCMA, a multi-step process, to get organized, but the medications can easily change after printing, necessitating frequent viewing during additional medication preparation tasks. Medication administration lists can only be printed for a single patient at a time; this is not congruent with how nurses plan tasks for groups of patients, that is, medical-surgical nurses typically organize medications for four to five patients, all of whom may have medications at the same time. In the ICUs, nurses use 4 × 6 cards as a workaround. One side has patient information while the other side has times for No easy way to organize/prepare for medication administration, especially across patients. Work-around is to run missed medication reports often. Non-intuitive terms: HSM, Wit, and IEN (such as 746WS69). Nurses must document IVs using "IV bag chronology," which is not intuitive.
Screen design
Key information such as the time medications are due is buried in the middle of the screen and obscured within other text, for example, 04/05@0900. The list of medications is in no particular order. Nurses need to remember to click the column to reorder by date/time, but this disappears once nurses navigate away from the screen. The use of color is very limited and its application does not have consistent meaning, for example, allergies and routine instructions are both in red. Also, the "Ver" (verify) column can be yellow, but its meaning (allergy override) is not clear, and it may not be noticed. The override should be associated with allergies rather than verification. Severity rating evaluation Catastrophic Lack of a complete medication record due to partial integration between BCMA/other systems/paper and because BCMA is not required in some areas, for example, ED, cath labs, imaging, OR/ PACU, GI lab. No warning is given that unit dose medications have expired; they disappear from the list. However, expired IVs do remain and the D/C time can be entered. IV drip titration is documented on a paper flow sheet (or Essentris in the ICUs), not in BCMA, making it difficult for providers to track titration changes over time. Multiple applications/systems must be reviewed separately to obtain the full picture of medications and to effectively administer medications. Unexpected refresh/maintenance. No interactions can occur or system slows to make it unusable when BCMA is undergoing daily maintenance or refreshing. This happens around shift changes, for example, 7 a.m. and 7 p.m. and can take 30 to 60 min to resolve.
(continued)
Category Examples
Major IV start time, key information, is located on the bottom right of the IV screen separate from the other information. It should be prominent and not located in an area that is not immediately visible. Separate logins for each application. Potential safety issues as well as extra effort, navigation steps, and learning for each separate system. For optimal safety, nurses must login to each application at every medication administration time for every patient, every shift, and multiple times for some patients.
Heuristic violations
Match IV bags are coded by an IEN, a pharmacy code. Nurses must click on this number to find the IV bag details such as additives. Key information about the concentration of medications added to the IV bags is not easy to access. Nurses must return to the main IV order for full information.
Flexibility
Once a comment is written, it cannot be edited. If entered in error, a new comment must be added. Nurses may need to search multiple comments to find accurate information. Micromedex™, an online evidence-based drug database, is available through a tools link, but requires its own navigation as it is not context-sensitive. Nurses must enter the medication name anew and search for information.
Memory
Nurses must remember when a medication was missed or continually search for "M" (missed medication) in the left column adjacent to the medication name. Nurses need to remember to refresh the BCMA screen to keep the information updated, and there is no alert or notification for missed medications. When a medication is unavailable and a missing medication notification was sent to pharmacy, the nurse needs to remember to go back to the medication drawer in the patient's room to check whether it was delivered as BCMA offers no indicator when it is/was delivered. medications. To avoid missed medications, the institutional policy is to run missed medication reports frequently, such as after large medication passes (e.g., 9 a.m.), and to check for new orders at minimum every 4 hr, although more frequent checking is common.
Severity rating evaluations. Figure 2 displays the frequency of severity ratings for the 10 tasks. Fifteen usability problems were rated as catastrophic, 35 as major, 48 as minor, and 1 as cosmetic. Among all tasks, Administer/Chart medications task had the highest number of usability problems rated as both catastrophic (n = 6) and major (n = 13), while the Lack of congruence with known screen design principles task had the most usability problems rated as minor (n = 20).
Heuristic violations. Based on the 14 HE categories, 440 heuristic violations were identified among all usability problems with an average of 4.4 heuristic violations (range = 4.0-6.0) per usability problem (Figure 3 ). In this study, the greatest number of violations occurred in the Match heuristic category (n = 85, 19.3%) and the least in the Closure, Message, and Undo categories (n = 1, 0.2%, respectively). In addition to Match, Flexibility (n = 74, 16.8%), Memory (n = 73, 16.6%), Consistency (n = 48, 10.9%), and Control (n = 47, 10.7%) had larger volumes of problems. These five categories totaled to 74.3% of the overall heuristic violations.
Exploring the Impact on SA
Using the problems identified above, we explored how these might affect nurses' abilities to obtain SA. SA Level 1 (Perception) is affected because of the fundamental usability challenges discussed above including basic screen and system design that makes it difficult to determine when and how to give medications. BCMA has four tabs: the Coversheet, Unit dose, IVP/IVPB (intravenous push/intravenous piggy back), and IV's (intravenous; Figure 1 ). Nurses toggle through the four tabs to discover the complete list of medications and other pertinent information such as routes, times medications are due, or last dose administered. Nurses have to memorize information or repeatedly toggle through the tabs. As for missing medications, nurses can run a report in BCMA for medications due or missed medications for each individual patient, but the list only contains Unit dose and IVP/IVPB medications rather than the full set of medications. Reports for missed medications can be generated for individual patients or by unit; however, medication administration lists must be retrieved one patient at a time. SA Level 2 (Comprehension) is affected because nurses have to expend cognitive effort to understand the full picture of medications as well as the meaning of changes and actions-even to the point of missing them altogether. Systems supporting medication administration are only partially integrated, resulting in a significant limitation, because nurses have difficulty achieving the total picture of medication administration. For example, patient-controlled analgesia (PCA) pumps and IV drip documentation remain paper based except in ICUs using Essentris. BCMA and Essentris data are not integrated, meaning, for example, nurses must manually add IV medications order by order into Essentris for charting and calculating titration rates and volume totals. On medical and surgical units and non-Essentris ICUs, intake and output are manually calculated on paper. For non-Essentris units, titration documents are scanned into VistA, so providers must view separate, scanned documents to determine the trends over time. Medication orders from CPRS are integrated into BCMA once pharmacy verifies the medication, but nurse verification can only be completed in CPRS. In fact, nurses must learn which aspects of the systems are integrated and which are not depending on the need for each task.
Because not all areas use BCMA, medication/IV documentation for these services may be in clinical notes, communicated verbally, or inadvertently be missed, creating significant deficits in SA (Comprehension). Examples include when operating room patients are recovered in the ICU or when patients are admitted from the ED. The anesthesiologist brings a paper flow sheet with handwritten medications/IVs, blood loss, and so on, and gives a verbal report. Medications given in the ED are charted in clinical nursing notes in CPRS. Therefore, nurses need to remember to record verbal information and/or search clinical notes to uncover medications and IV fluids administered in the non-BCMA areas. Then, medications/IVs must be manually integrated into BCMA, Essentris, notes, and/or paper volume totals. Medications given in non-BCMA areas must also be analyzed to determine appropriate scheduling (timing) or stop times because BCMA has no record of their administration.
Nurses must use separate applications to follow the required, appropriate medication administration guidelines and to complete medication administration tasks: CPRS to review/verify orders and BCMA to scan and document medications. New orders must be reviewed in CPRS but can only be scanned and documented in BCMA. Logins for each application are completely separate and complicated, each being a long combination of upper and lower cases, numbers, and symbols. Moreover, the sequence of logins is important. To access full application functions while administering medications, users must log into BCMA before logging into CPRS. Typically, nurses have both applications open during medication administration activities. If nurses log into CPRS before BCMA, for example, to verify CPRS medications, then BCMA functions are limited to read-only, requiring nurses to log out of both systems and log in again before resuming medication scanning or administration.
Pertinent symptoms are not always available in BCMA for scheduled medications. Although some nurses will jot a word in the medication comments about the patient having symptoms such as nausea or constipation, this practice is not consistent. Nurses still have to peruse clinical notes and actively open all comments, many of which will not be pertinent, to integrate symptoms. Relevant information may be missing, such as intake and output or crucial cautions, for instance, a medication delivered in a non-BCMA setting or side effects for specific medications, for example, Lasix has a risk of tinnitus with rapid administration. Likewise, lab values, vital signs, and other pertinent information are not linked to the specific medications.
SA Level 3 (Projection) is affected due to the inability of BCMA to generate feedback about missed medications accurately and provide support for previous SA levels. Nurses are unable, without large amounts of cognitive effort, to monitor errors, to track therapeutic effectiveness of medications, or to monitor for side effects that need to be communicated to the provider. As a result, the higher level of cognitive function involved in care collaboration and communication can be significantly impaired.
To obtain SA at any of the three levels, nurses must toggle through multiple screens and systems. They must memorize available functions, remember where pertinent information is located within disparate systems and integrate information on their own for the task at hand. Extensive initial and ongoing training is necessary to learn the various ways to navigate the multiple systems/applications. The obvious result is that cognitive load is significantly increased and obtaining the total picture of medications is a challenge, especially across all SA levels for all of these stated issues.
Discussion
The findings from this study indicate a high volume of usability problems affecting all levels of SA, especially for the tasks of Administer/chart medications, Prepare medications, and Congruence with known screen design principles. Preparing and administering medications are the crux of nurses' work for medication-related activities; therefore, the high volume of usability problems in these tasks indicates a significant need for improved design and better cognitive support to improve nurses' SA at all levels. The catastrophic usability problems identified in this study point to important areas for improvement, because these issues have the potential to affect nurses' SA and patient safety. Examples of areas to improve include being able to obtain the full picture of medications for individual or groups of patients without high cognitive effort, needing an indicator or field to easily specify medications that require verification by a second nurse, including a method to easily locate missed medications and providing better screen design for at-a-glance information. The highest volume of heuristic violations was in the category of Match. This indicates that the current design, in many cases, does not match the way nurses think and complete work for medication administration.
The current research addresses a gap in the research to examine how an eMAR in a large BCMA system is congruent with known interface design standards and how these issues affect nurses' situational awareness. To alleviate these issues for future eMAR/BCMA products, designers need to more deeply understand user tasks and employ user-centered design techniques (Johnson, Johnson, & Zhang, 2005; Vrendenburg, Mao, Smith, & Carey, 2002) for crucial medication administration tasks. eMAR/BCMA designs need to support a patient-centered perspective to follow patients as they move through their hospital stay; thus, eMAR/BCMA availability across service lines and associated areas is critically important. A patient-centered perspective for design would allow a complete picture of medications as patients transfer to and from other services and better promote patient safety in medication administration activities for all professions. Other significant interim changes can be effected such as user interface redesign.
User Interface Redesign
Redesigning the user interface to comply with known screen design principles could make a considerable impact on SA, nurses' productivity, and potential patient safety issues. For instance, key information, such as the times medications are due should be immediately apparent by relocating them in the left-hand column as is suggested by available screen design principles (Galitz, 2007) . Currently, the time medications are due is nine columns from the left side of the screen and has a format of mm/dd@time (08/22@1700) in black and white text. Also, as may be seen in Figure 1 , medication information is duplicated for each medication for the Unit Dose tab (other order displays are different). Having much of the eMAR information in uppercase plus listing medication names twice adds to the difficulty of at a glance readability and comprehension especially during busy or critical moments.
Both the duplication and all uppercase lettering can make pertinent medication information more difficult to discern, especially under time pressure. Classic work showed text in all capital letters can slow readability and comprehension (Paterson & Tinker, 1940) ; a redesign should use mixed case lettering. Highlighting the time medications are due using color, sizing, and/or bolding, organizing the entire list according to these times and by the type of medication (e.g., once orders on top, followed by scheduled and as needed medications) and eliminating less crucial information such as the month/day/year (which could be in the column heading vs. in each cell) would improve design. This kind of reorganized display should be the default, eliminating the need for nurses to click on the column to reorder medications by date/time and then having the sort disappear when nurses log off and move to the next patient. In practice, nurses tend not to reorder the current list but instead just visually scrutinize the list as is, affecting productivity and increasing the risk for errors.
The simple use of color, alignment, use of upper-and lowercases versus all capital letters, and elimination of duplicative information could make information discernable at a glance. For instance, one-time medications could be color-coded versus being obscured in the middle of a long list of medications. Missed medications could be highlighted and/or organized automatically versus having nurses frequent run missed medication reports. This is important because having to run reports is a work-around that may not be effective, especially during busy times such as shift change. Left-aligning orders, such as for insulin-sliding scales, would alleviate the current jumbled text (Figure 1 ) and make information more easily and accurately detected. Addressing some of these simple, at a glance problems could eliminate the need for nurses to have to carefully and continually examine the sea of text in screens.
Another example is charting PRN or "as needed" effectiveness. Currently, an indicator to chart PRN effectiveness is at the bottom right-hand side of the main eMAR screen, but it does not indicate the specific medication, its time limit or a link to enter the appropriate assessment. Instead, a redesigned interface could include an alarm or a time indicator to notify nurses of remaining time to document PRN effectiveness within institutional guidelines and include a hyperlink to the specific medication for ease of charting. Current work-arounds include using a kitchen timer on one unit and/or posting reports on the units with nurses' names when they miss required documentation times.
Many screen design issues were rated as minor. This rating is deceptive because these issues are additive. The appearance and order of current information vary, for example, the Cover Sheet and Unit Dose tab have different arrangements, the columns differ, the use of patients' birthdates versus ages is inconsistent and formats differ (10000 vs. 10,000, medication dates and times). This means nurses must memorize the order of information or incur increased cognitive effort to find pertinent information on particular screens. These kinds of issues are compounded across the multiple usability problems. A small number of minor issues may not affect workflow, nurse effectiveness, and productivity; however, the large volume seen here is likely to affect nurses significantly.
Nurses in other settings can assess whether their existing eMAR/BCMA systems are congruent with known interface design standards by using HE and published screen design standards. These kinds of evaluations could also be accomplished before a system is even purchased by employing usability evaluations as a discriminator among vendors. Assessing eMARs before implementation would allow leaders to understand what issues will likely emerge and take efforts to remedy prior to full system rollout. Once implemented, nurses can use design evaluations to partner with BCMA vendors to redesign catastrophic issues and prevent potential patient safety issues.
Technical Issues and Interoperability
The most surprising usability issues the authors found were the lack of interoperability across systems to support basic medication tasks and the current, time-consuming system maintenance issues. Omissions and errors are possible due to missing information or the difficulty in locating medications and related information. More important, potential patient safety issues exist because a complete record of medications is difficult or impossible to achieve.
Second, BCMA is inoperable or nearly inoperable for 30 to 60 min twice a day every day for refreshing/maintenance. These periods of maintenance often occur at the end of shifts when nurses are trying to complete tasks before shift change. This issue may be unique to this site but is critical to solve. At minimum, a notification should warn nurses when maintenance/ refresh is going to occur or, more important, maintenance should be rescheduled to a time other than the shift change or major times medications are due such as 9.00 a.m.
Technical and interoperability issues have multiple impacts including cognitive loads, vigilance, and memorization skills. Nurses are burdened with logging into multiple systems with long unique passwords many times throughout the day for each patient even though some systems are already in place that use fingerprint recognition (e.g., Pyxis, an automated medication dispensing system). Nurses have to remember all the quirks and functions in separate systems, where to locate critical information, and the separate navigation methods for the various applications/systems. Clearly, systems integration is needed between BCMA, CPRS, and Essentris at a minimum. BCMA needs to be expanded to include documentation for the full suite of medications including PCA pumps, and all patient care areas should be required to use BCMA to allow a complete medication record to be available for inpatients. Obviously, interoperability can be expensive; however, current efficiency and effectiveness costs to nurses and patients are likely high.
Interoperability among key applications is critical between BCMA, orders management, and clinical documentation, especially across any facility's units including niche areas such as the ED, dialysis, and imaging areas that are typically considered outpatient areas. For others having BCMA or implementing it, initial BCMA areas should be assessed using a patient-centered approach and should be assessed before BCMA implementation. Technical capabilities need to support nurses' abilities to detect changes, view medication, monitor patient reactions, and see the full picture of medication administration.
SA
In this study, SA was used as a perspective to explore how nurses might achieve the gestalt of medication administration with the eMAR in BCMA. Each level of SA is affected. At Level 1, Perception of the state of the system and activities was affected significantly as the actual state of the patient's medication regime was difficult to ascertain with the main eMAR/BCMA screens due to screen and system design. Perhaps the most impact is at SA Level 2, Comprehension, where nurses need to understand the meaning of information and actions. Information was scattered across several sources, including verbal reports and clinical notes, requiring significant effort and time for retrieval, if this was possible at all. SA Level 3, Projection, is then negatively affected because the previous two levels are affected. Unless Level 2 is adequately in place, Level 3 is difficult to achieve. Furthermore, as systems and environments become more complex, achieving, acquiring, and maintaining SA becomes increasingly difficult (Endsley & Jones, 2012) . SA is further compromised during times of stress or limited time pressures. To support clinicians under time burden, SA (Perception) should be automatically supported by integrated, efficient displays to allow nurses to understand what is occurring with the patient's medications (SA Comprehension) and to project issues needing attention to provide safe care (SA Projection).
SA theory provided an insightful perspective to this usability evaluation. While HE is helpful for usability evaluations, SA gives researchers insight into how nurses' higher cognitive functions can be affected. The SA framework can be applied to other settings or IT platform evaluation especially where the user tasks can be clearly defined and potential projected outcomes are understood. Evaluating nursing medication administration tasks using an eMAR/BCMA is an ideal example for applying HE and this human factors theory. Other evaluators can assess how their particular eMAR products affect SA by using similar tasks. For instance, researchers can trace a patient's movement through an institution to examine where gaps in the full picture exist and how they affect nurses' abilities to see new medications or pertinent information buried in notes from different units or settings like the ED or operating room. Evaluators can assess the number of screens/clicks and difficulty of obtaining situational awareness even if systems are interoperable as the user interface design itself could make SA problematic.
Overall implications of the study are related to patients, individual nurses, and organizations. Potential patient safety issues are due to challenges in obtaining a complete medication record, SA, and the high level of usability problems. Nurses' cognitive efforts, productivity, and SA of medications are negatively affected by this organization's current eMAR/BCMA design. Training and education efforts extend well beyond the initial online training. High cognitive loads are likely. Basic tasks for nurses' work such as Prepare medication and Administer and chart medication(s) need to be better supported. Organizations are affected because each facility requires a BCMA coordinator to manage the complex application and train nurses on updates and new policies, for example, charting, using comments to note double verification for certain medications.
BCMA work-arounds as well as their education and enforcement by BCMA coordinators currently compensate for needed design changes. Workarounds and these additional required resources likely indicate the need for more in-depth usability assessments that include direct nurse-BCMA observations as well as expert assessments. In fact, the true cost of BCMA would include all facets mentioned here. Past studies about cost savings may underestimate labor expenses and the true cost of BCMA implementations to nurses.
This study adds another dimension to the existing literature for eMAR SA and to the sociotechnical aspects of BCMA evaluations specifically related to user interface design. This work describes an evaluation of the eMAR used in the largest U.S. health care delivery system, which affects most of its 80,000 nurses. The high volume of usability findings is consistent with other eMAR evaluations (Guo et al., 2011; Staggers et al., 2007) , and this research is a third large-scale eMAR evaluation indicating multiple, extant usability issues with eMAR/BCMA products. Fortunately, solutions exist for many of these issues, which others can use to preclude issues seen here.
As for limitations, this study was completed at one site and with one enterprise-level system. Although the BCMA system is nationally fielded, some issues may be local, for example, maintenance requirements. This may limit generalizability. Also, the BCMA application was fielded over a decade ago, and upgrades may be on hold due to national efforts to replace VistA and CPRS.
Future research could include an even more comprehensive evaluation of nurses' SA that could involve testing with BCMA nurse users using more complex tasks specifically tailored to each level of SA. eMAR/BCMA evaluations could also be expanded to other sites, vendors, and health systems. Universal eMAR/BCMA design guidelines could be developed to assure future BCMA systems better support nurses' complex tasks. Operationally, solutions for the future can employ known screen design guidelines, use existing user-centered design techniques, use a patient-centered perspective for design, and integrate critical systems. These improvements are required for improved, safe completion of medication administration tasks.
This evaluation shows a high number of significant issues with an eMAR in an enterprise-level BCMA system. A large volume of heuristic violations were also seen, resulting in difficulty for nurses to obtain overall SA for medication administration. The existing systems integration issue needs to be addressed in the near future and the eMAR redesigned for improvements in medication administration. These would result in increases in nurse productivity and SA with reductions in potential patient safety issues, nurses' cognitive loads, organizational work-arounds, and the current training burden. For nurses to administer medication safely and effectively, they must rely on upto-date knowledge of dynamic situational parameters. SA Level 3 Projection, in particular, could then be facilitated by the BCMA systems in place. Current issues could be alleviated through attention to screen design, interoperability, and user-centered design in the future.
